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ABSTRACT   
Garlic is not native to Indonesia, therefore new introduced garlic is necessary to enrich garlic genetic 
variability. To evaluate the potential of the new introduced cultivar, we arranged a cultivars trial under 
Randomized Block Design with six cultivars and six replications in Cianjur Regency, West Java, Indonesia 
at 6o75’S, 107o 3’ E, 1334 masl, from August 2018 to January 2019. The evaluated cultivars were introduced 
cultivar, Great Black Leaf, and five local cultivars of Lumbu Hijau, Lumbu Kuning, Lumbu Putih, 
Tawangmangu Baru, and Sangga Sembalun. The orthogonal contrast analysis revealed that Great Black Leaf 
was superior in shoot emergence, bulb diameter, bulb weight, and yield compared to average local cultivars. 
It indicated that Great Black Leaf was the potential to grow extensively in Indonesia. 
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1. Introduction 
Garlic is the most important spice that has high nutritional value compared to other bulb crops with varying 
levels of use, both fresh and processed. This causes the need for garlic in Indonesia to be quite high, amounting 
to 582,995 tons in 2019, but this is not matched by the amount of production of 39,300 tons [1]. Meanwhile, the 
productivity of local Indonesian garlic was still low at 7.23 t ha-1 in 2019, while production in China reached 
27.94 t ha-1 [2]. Therefore, Indonesia had imported garlic to meet national needs since 1995, mostly from China. 
Imported garlic is known to be larger and cheaper, even though the local ones have a more pungent taste. Garlic 
is not native to Indonesia; therefore new introduced garlic is necessary to enrich garlic genetic variability as 
breeding material to increase its productivity. [3] reported that cultivars from different origins could give a 
higher yield than local ones. [4] found that some introduced cultivars showed significantly higher yields than 
local cultivars. In the fact, some introduced cultivars from subtropics are unable to develop bulbs in the 
Indonesia tropic zone due to climate differences. [5] stated that low temperatures and long days were needed to 
form garlic bulbs. Meanwhile, garlic in Indonesia was generally grown at an altitude of more than 700 m above 
sea level [6] to approach its temperature need of 12-24 o c for bulb [7]. [8] reported that only 26.7% of introduced 
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cultivars resulted in the bulb in Indonesia. [9] reported bulb percentage of introduced cultivars in Indonesia was 
less than 20%. Therefore, this research was design to evaluate the potential of a new introduced cultivar. 
2. Material and methods 
The trial was conducted at sandy clay texture in Cianjur Regency, West Java, Indonesia (6o75’S, 107o3’E, 1334 
m above sea level), from August 2018 to January 2019. Genetic materials evaluated in this trial were introduced 
cultivar Great Leaf Black from Taiwan and five local cultivars of Lumbu Hijau, Lumbu Kuning, Lumbu Putih, 
Tawangmangu Baru, and Sangga Sembalun from local breeder farmers which were certified warehouse by Seed 
Agency. These six cultivars were arranged under Randomized Block Design with six replications. One 
experimental unit consisted of a 1 m2 plot. The beds were formed 1 m in width with black silver mulch. A single 
clove was planted by making a hole at a spacing of 10 cm x 15 cm. Fertilization was applied were dolomite 1 t 
ha-1, organic fertilizer 20 t ha-1, and NPK (16:16:16) 0.5 t ha-1 before planting. Subsequently, NPK (16;16:16) 
200 kg ha-1 was applied one month after planting (MAP), and KCl 200 kg ha-1 was applied at 2 MAP. Other 
cultivation practices as watering, weeding, and controlling pests and diseases were carried out as recommended. 
The data were recorded from five randomly selected plants per plot randomly on plant height (cm) at 5 and 10 
weeks after planting (WAP) (cm), bulb diameter (cm), and yield per ha (ton) at harvest. Data observed for 1 m2 
were shoot emergence (%) at 4 WAP, yield per plot (g), and harvested plant (%) at harvest. Shoot emergence 
percentage was the ratio of bulb grown to the total plant population in 1 m2. Plant height was measured from 
the highest growing point to the base of the stem. Bulb diameter was measured using a vernier caliper. Bulb 
weight was the bulb production after one week of sun-drying from five sample plants and then converted to 
hectare as yield per ha. Yield per plot was the bulb production after one week of sun-drying per 1 m2. Harvested 
plant percentage was the ratio of plants alive at harvest to the total plant population per 1 m2. Production gap 
was the percentage difference between yield per ha and yield per plot. Obtained data were analyzed with SAS 
program version 9.1 for analysis of variance and followed by an orthogonal contrast test at p> 0.05. The heatmap 
analysis was performed using the R Studio program. 
3. Results and discussion 
3.1. Soil and climate condition 
Soil in experiment site classified as sandy soil texture, with moderate nitrogen content (0.38%), very high 
phosphorus (780.7 ppm), very high potassium (591.8 ppm), low CN ratio (8), and neutral pH (6). This was 
indicated that soil in experiment site according to [10], was highly suitable for garlic growth and bulb 
development.  Rainfall in the first two months was 83 and 51 mm, with the amount of rain respectively 4 and 
6. The next rainfall from October 2018 to January 2019 was 493, 624, 320, and 268 mm with the number of 
rain days 25, 25, 23, and 26. Since rainfall in the first two month was less 250 mm and its high porosity of the 
soil, therefore, in order to maintain soil moisture, sprinklers irrigation was applied. But after that, the rainfall 
increased more than 250 mm per month so then irrigation was stopped. Thus, this research experienced water 
shortage at the beginning of growth and excess water at the end of growth.  
3.2. Comparation between introduced and local cultivars 
Shoot emergence observed at 4 WAP and orthogonal contrast analysis revealed that GBL cultivar showed higher 
shoot emergence percentage of 85% compare to average local cultivars (Table 1). This result indicated that 
among local cultivars, GBL showed as best cultivars for shoot emergence. It meant GBL seeds were of good 
quality as required by Seed Agency. Meanwhile, seeds of local cultivars from local seed breeders with 
warehouse certification policies have poor seed quality. [9] stated that healthy and quality seeds would show 
good plant growth. Plant height at 5 and 10 WAP was used for vegetative growth comparison. At 5 WAP, 
orthogonal contrast analysis revealed that GBL cultivar showed higher plant height compare to average local 
cultivars, however at 10 WAP GBL cultivar showed lower plant height compare to average local cultivar (Table 
1). [10] reported that seeds with a higher shoot emergence percentage will produce high plant growth as well. 
But then GBL plant height growth stopped at 10 WAP. It indicated that GBL had the characteristics of a fast-
growing plant but after entering the age of 10 WAP, plant height growth stopped and switched to bulb growth. 
This showed that before 10 WAP there was a peak point for the height growth of GBL. This was different from 
the results of [11] research which reported that introduced cultivars had a higher plant than local cultivars until 
the end of their growth. 
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Table 1. Comparison vegetative growth of introduced with local garlic cultivars 
Contrast comparison Shoot emergence (%) Plant height (cm) 
5 WAP 10 WAP 
GBL vs LH,LK,LP,TB,SS 85 vs 63* 45 vs 36* 48 vs 60* 
LP vs LH,LK,TB,SS 46 vs 67 * 38 vs 37 * 62 vs 60 
LH vs LK,TB,SS 68 vs 67 41 vs 36* 64 vs 59 
TB vs LK,SS 75 vs 64 * 38 vs 36 62 vs 59 
LK vs SS 57 vs 71 36 vs 34 63 vs 51* 
GBL vs LH,LP,TB 85 vs 63 * 45 vs 37 * 48 vs 61* 
CV (%) 17.1 8.1 7.0 
* Significantly at p>0.05% 
WAP = weeks after planting, CV = Coefficient of variance, GBL = Great Black Leaf, LH = Lumbu Hijau, LK 
= Lumbu Kuning, LP = Lumbu Putih, TB = Tawangmangu Baru, SS = Sangga Sembalun  
 
At harvest, orthogonal contrast analysis revealed that GBL had higher harvested plant percentage than all local 
cultivars (Table 2). High shoot emergence in GBL (Table 1), which showed that good quality seeds would 
produce higher harvested plant percentage (Table 2). The good and healthy seed was obtained through a series 
of certification processes from seed selection, land preparation, planting, maintenance, harvest, and post-
harvest, to storage. Beside that GBL with high percentage of harvested plant showed that GBL had high 
resistance to high rainfall in the end of growth and disease attacks. Bulb diameter, bulb weight, and yield were 
used for bulb growth comparison. Bulb diameter of GBL by orthogonal contrast analysis showed higher 
compared to all local cultivars (Table 2). High vegetative growth of GBL at 5 WAP would result in high 
photosynthesis, but then vegetative growth was stopped before 10 WAP (Table 1) for the next bulb growth in 
the form of large bulb diameter (Table 2). [12] conveyed that high growth spurred high vegetative growth, which 
was indicated by high photosynthetic activity in the form of high leaf area which resulted in high bulb growth 
as well. [13] added that plants achieved sufficient growth before entering the bulb, so that leaves could produce 
large bulbs. A large bulb indicated a greater amount of food reserves so that it could be transformed into plant 
bulb organs [14]. [10] reported that introduced cultivar that could be bulb had higher plant height, longer and 
wider leaves, more leaves, and larger bulb diameter than local cultivars. GBL was higher in bulb weight and 
yield than all local cultivars by orthogonal contrast analysis (Table 2, Fig. 1). Bulb weight was an indicator of 
the relationship between plant growth and the formation of the bulb. [15] reported that high yield was obtained 
in plants with a high shoot emergence percentage because they had a longer growth time to store more food and 
produce larger and heavier bulbs. It meant that once vegetative growth was achieved, the plant stopped the 
growth of its leaves and transfers for bulb formation and resulted in high bulb weight and yield. Yield gap 
percentage of GBL was lower than all local cultivars by orthogonal contrast analysis (Table 2). It meant that 
high yield per ha of GBL correlated positively with high yield per plot because of high harvested plant 
percentage. The similar character also happened in [16] research on the best cultivar. This indicated that we not 
only need cultivars with high yield but also resistant to various biotic and abiotic disturbances so that that 
cultivar had a high percentage of harvested plant. 
 














Per plot (g) Per ha (ton) 
GBL vs 
LH,LK,LP,TB,SS 
81 vs 48* 4.7 vs 2.3* 38 Vs 31* 1911 Vs 
345* 
25 vs 21* 24 vs 83* 
LP vs 
LH,LK,TB,SS 
56 vs 46 3.1 2.1* 37 Vs 29* 414 Vs 328 25 vs 20* 87 vs 83 
LH vs LK,TB,SS 52 vs 33 3.2 vs 1.8* 36 Vs 27* 459 Vs 284* 24 vs 18* 81 vs 83 
TB vs LK,SS 39 vs 46 2.3 vs 1.5 32 Vs 27* 286 Vs 283 22 vs 17* 87 vs 82 















Per plot (g) Per ha (ton) 
LK vs SS 39 vs 53 1.3 vs 1.8 21 vs 28* 292 vs 274 14 vs 19* 79 vs 85 
GBL vs 
LH,LP,TB 
81 vs 49* 4.7 vs 2.8* 38 Vs 35 1911 Vs 
386* 
25 vs 23 24 vs 84* 
CV (%) 31.1 18.5 9.4 15.9 19.4 9.3 
* Significantly at p>0.05% 
CV = Coefficient of variance, GBL = Great Black Leaf, LH = Lumbu Hijau, LK = Lumbu Kuning, LP = 
Lumbu Putih, TB = Tawangmangu Baru, SS = Sangga Sembalun 
 
Fig. 1. Performance of tested cultivars after harvesting and drying 
GBL = Great Black Leaf, LH = Lumbu Hijau, LK = Lumbu Kuning, LP = Lumbu Putih, TB = Tawangmangu 
Baru, SS = Sangga Sembalun  
To see the potential among cultivars and relationships among variables, a heatmap analysis was carried out, as 
well. Heat map analysis revealed that GBL cultivar separated from local cultivars (Fig. 2). This result indicated 
the possibility GBL had different genetic background and had higher yield potential than local cultivars so GBL 
was the potential to grow extensively in Indonesia. This is a new hope for Indonesia to expand garlic planting 
and increase garlic production, so that it can reduce garlic imports and be self-sufficient in garlic. Because 
according to [8], high vegetative growth of introduced cultivars was not correlated with bulb growth because 
26.7% of introduced cultivars form bulb despite high vegetative growth. From this experiment, GBL was only 
high in yield but also large in size, so its traits were very popular with local garlic consumers. Beside that GBL 
could be a basic breeding material to increase garlic local productivity as a parent plant in the development of 
new cultivar. [16] conveyed that introduced cultivar could assist future breeder in garlic selection program and 
yield improvement of local cultivar. Garlic local cultivar had a special pungent taste, so if we combine the 
superior traits of GBL and local cultivars, we will get a new cultivar with a large size character and high yield, 
but still has a pungent taste.  This was in line with [17] that local cultivar could be accepted as a potential 
genotype due to its specific performance.  
 
Figure 2. Heatmap analysis among garlic cultivars with each variable 
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BD = bulb diameter, Y = yield per ha, BWA = bulb weight, PTSA = plant height at 5 WAP, PG = gap percentage, 
HP = harvested plant, PTDUA = plant height at 10 WAP, BE = shoot emergence, BWO = yield per plot 
GBL = Great Black Leaf, LH = Lumbu Hijau, LK = Lumbu Kuning, LP = Lumbu Putih, TB = Tawangmangu 
Baru, SS = Sangga Sembalun 
 
3.3. Comparation among local cultivars 
To evaluate local cultivars which ones were potential to combine with GBL, orthogonal contrast analysis 
revealed that among all local cultivars, LP, LK, and TB had yield per ha and bulb weight that was not 
significantly different from GBL (Table 2), while other variables showed values that were always lower than 
GBL (Tables 1 and 2). This showed that these three local cultivars had the potential for high yield. The results 
of research on other local cultivars, [18] reported that TB and LH were local cultivars with the highest bulb 
production, while SS was the cultivar with the lowest bulb weight. [19] reported that the yield of LH was higher 
than that of LK and SS. Thus, based on those research, LH and TB were indeed classified as high production 
local cultivars. LP was the lowland cultivar [18]. However, this research was carried out at an altitude of 1334 
masl, in fact the LP cultivar showed high yield and high bulb diameter. This showed that LP could grow well 
in the highlands and even outperforms other local cultivars. Garlic production was not only influenced by 
genetic factors, but also environmental factors. [20] reported that the production of LP as a lowland cultivar at 
an altitude of 700 masl was not significantly different from LH and LK as upland cultivars. [20] stated that 
garlic was very responsive to the environment, so a cultivar would vary depending on the planting location. 
This was different from the opinion of [22] which stated that genetic factor was more influential than ecology. 
Heatmap analysis also revealed that there were two group of local cultivars. First group was local cultivars with 
high yield, namely LP and LH and second group was TB, SS, and LK which had low yields (Fig. 2). What was 
interesting here, TB belonged to the second group with low yield by heatmap analysis (Fig. 2). Meanwhile, with 
the orthogonal contrast test, TB was included in the high local cultivar group (Table 2). This was because based 
on heatmap analysis, even though TB had a high yield per ha, but its low harvested plant percentage caused a 
low yield per plot and high gap percentage (Fig. 2). [16] said that best cultivar must have a positive correlation 
between yield per plot and yield per ha. TB showed the opposite that as medium-lived local cultivar group was 
sensitive to heavy rain in the end of growth, so the disease attack was high by purple blotch, root rot, and bulb 
rot and then harvested plant percentage was low. High disease attack of TB can be explained by spread leaf 
orientation and tall posture (Fig. 1) which encouraged susceptibility to disease.  
4. Conclusions 
Great Black Leaf was superior in shoot emergence, bulb diameter, bulb weight, and yield compared to average 
local cultivars. It indicated that Great Black Leaf was the potential to grow extensively in Indonesia and could 
be a basic breeding material to increase garlic local productivity as a parent plant in the development of new 
cultivar. Lumbu Hijau, Lumbu Putih, and Tawangmangu Baru as local cultivars had the potential for high yield 
because its yield per ha and bulb weight was not significantly different from Great Black Leaf. Combination of 
superior traits of Great Leaf Black and local cultivars (Lumbu Hijau, Lumbu Putih, and Tawangmangu Baru) 
could be new cultivar with a large size character and high yield, but still has a pungent taste.   
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